Objective: To investigate the presenting characteristics of new-onset afebrile seizures in infants (age 1-24 months) and the yield of neuroimaging.
METHODS Prospective data were obtained from a standardized evaluation and management plan mandated by a critical care pathway at Children's National Medical Center: patients presenting with either a first suspected or a newly recognized seizure are evaluated in the emergency department (ED), or less commonly as inpatients, with basic laboratory studies (complete blood count, serum electrolytes) and imaging with head CT. Patients are admitted to the Child Neurology service for at least 23 hours for observation or followed in consultation if on another service. Seizure education is provided and a strong effort made to obtain an EEG before discharge. Further laboratory testing, such as urine toxicology screens, CSF studies, screening for inborn errors of metabolism, and further imaging with MRI, are performed based upon clinician judgment. MRI was generally performed when focal findings were present, when CT was ambiguous, or to define abnormal findings on CT. The MRI examinations are read on a computerized workstation, and comparison to the CT scan is done at the time of MRI interpretation.
Infants between the chronologic ages of 1 and 24 months were included in the study. Infants were defined as 1 to 24 months as the literature supports the differing semiology in this age group compared to older children. [3] [4] [5] [6] [7] [8] [9] Patients with a febrile illness and those with an infection of the CNS were excluded. Patients admitted for a suspicion of seizures, but discharged with a diagnosis of a "spell," were also excluded. Seizures with clear partial features by history, observation, examination, EEG, or imaging were classified as "partial." Seizures without clear partial features were classified as tonic, clonic, tonic-clonic, myoclonic, atonic, or as infantile spasms based upon International League Against Epilepsy (ILAE) definitions. 10 Seizure number and duration was determined based upon admission interview with parents and other witnesses, in addition to admission review of ambulance records, ED records, and inpatient records. Total duration included the longest estimated or documented continuous epileptic activity but could also include nearly continuous seizures at the discretion of the clinician. Uncertain duration was documented as "unknown." Whether anticonvulsant medication was given prior to arrival in the ED was not a variable collected as part of the database, but prolonged seizures were often treated at the discretion of the paramedics and the ED physicians. When seizure frequency was too numerous for witnesses to quantify, a "multiple, difficult to quantify" designation is used. CT and MRI (1.5 T General Electric) findings were interpreted by a certified pediatric neuroradiologist. The standard MRI sequence employed for infant seizure evaluation included sagittal and axial T1, axial spin-echo proton density and T2, coronal T2, high-resolution coronal T2 of the mesial temporal lobe structures, axial magnetization transfer T1 for patients over 10 kilograms, axial diffusion, and optional axial or sagittal fast spin-echo T2, 2/0 mm. Brain MRI scans were routinely prescreened by the attending neuroradiologist and contrast administered as indicated (e.g., mass, inflammation). EEGs were performed using the standard 10 -20 international system.
Data from a standardized form were stored in a passwordprotected Microsoft Office Access database. 2 analyses were conducted to test for significant distributional differences.
Standard protocol approvals, registrations, and patient consents. The Institutional Review Board (IRB) approved the protocol. An ethics review was included in the IRB review of the protocol. The work was conducted as part of quality assurance monitoring for the new-onset seizure clinical pathway. The IRB deemed the protocol met requirements for a limited data set and thus waived requirements for individual consent and assent. An additional 141 infants were excluded from the study due to a concurrent febrile illness, and 110 infants presenting and discharged with "spells" (apnea, breath-holding, pallid syncope, reflux, benign sleep myoclonus, tremors) during this time period were excluded (in children with spells, EEG [n ϭ 94] were normal, CT [n ϭ 92] and MRI [n ϭ 19] were normal or demonstrated incidental findings).
RESULTS
Seizure characterization. Nearly half the patient group had clear features of partial seizures (table 1) . This was similar for all age subgroups ( 2 ϭ 0.34, p ϭ 0.84). Classification of seizures without partial features differed among age groups ( 2 ϭ 33.10, p Ͻ 0.01). The majority were classified as tonic-clonic, especially prominent in the 12-24 month age group. Infantile spasms were the second most common seizure type in this category, comprising 25%-32% of those less than 1 year, but not observed in those older than 12 months. Among infants with seizures without partial features, only 6 had generalized epileptiform discharges on EEG.
Seizure number and duration upon presentation. The majority of infants with a new onset of seizures presented with recurrent seizures; 71% presented with more than 1, and 38% presented with 5 or more seizures (table 1) . Multiple seizures were seen more often in the 1-6 month age group (84% with more than one seizure), with decreasing incidence with increasing age (6 -12 DISCUSSION We found that a substantial proportion of new-onset seizures present by the age of 2 years. While new-onset seizures in infants are usually brief, they are commonly recurrent. Clear partial features are seen in half of new-onset seizures, but primary generalized seizures are uncommon in this age group. Acute imaging alters immediate management in a small but significant number of patients. Not surprisingly, MRI has superior yield compared to CT, but rarely alters acute medical management. Cerebral dysgenesis is the most common structural and etiologic abnormality found in children younger than 2. The younger the patient the more likely imaging will identify an abnormality, with cerebral dysgenesis being more common in the youngest patients.
The proportion of children with new-onset seizures who are younger than 2 (28%) is comparable to previous epidemiologic studies of seizures and epilepsy in children younger than 3 (22%, 24%).
1,11-13
Electrographic evidence for primary generalized seizures among infants was rare (Ͻ2%). Previous reports in young children (Ͻ3 years) find 8%-9%; however, sleep-deprived EEGs were not obtained on all children in our study. 12, 14 Clear partial features were identified in nearly half of our patients. Seizure categorization was based upon parental and witness description of seizures and interictal EEG, in addition to neuroimaging. Without both ictal EEG and video to review it may be difficult to classify infantile seizures accurately into ILAE categories. 3 Ictal video EEG shows primary generalized tonic-clonic seizures in infants with epilepsy to be uncommon. 15 Few studies comment on the duration or number of seizures upon presentation in infants. Infants appear less likely to have prolonged seizures than older children and adolescents. 16 In contrast, the seizure recurrence rate during admission was considerably higher than previous reports of 20% in children of all ages. 17 The high risk of recurrence supports policies for prolonged observation either in the ED or on inpatient wards in this population.
We found EEG abnormalities in half of our patients, also comparable with prior studies.
12,18-19 MRI abnormalities are usually associated with an abnormal EEG, 19, 20 but one quarter of infants with abnormal MRIs had a normal EEG.
There are also few published prospective studies of imaging in children with new-onset seizures, and none focus specifically on infants. Comparison with other prior studies is problematic as they 1) employ different definitions for significance in imaging findings; 2) include mixed patient populations-e.g., patients with complex febrile seizures, provoked seizures, and epilepsy; 3) varying ages. There are few structural imaging studies with control populations. In the NIH Clinical Center study of 1,000 normal volunteers aged 3-83 years, 15% had incidental findings that did not require further follow-up or evaluation, 1% had findings requiring urgent evaluation, and 1.8% had findings requiring routine evaluation. 21 However, there were no infants in this study, and there may be selection bias for "volunteers" who seek brain MRI.
In 5 Class II studies, rates of significant abnormalities on head CT altering acute management after a new-onset seizure in children range from 3% to 8%, and the rate for all abnormalities 7%-21%. [22] [23] [24] [25] [26] In 3 Class II studies in children with new-onset seizures and epilepsy, abnormalities found on CT range from 12% to 33%; these studies do not comment on findings that require urgent management. [27] [28] [29] The inclusion of neonates 27 increases the incidence of abnormalities.
MRI is known to confer superior yield to CT in the evaluation of adults with chronic epilepsy 30 and magnetic resonance appears to hold superior yield in children. 18, 20 Children with partial epilepsies in childhood are more likely to have MRI abnormalities than those with generalized epilepsy. 31 In our study, the classification of partial vs nonpartial as a predictive factor of abnormal imaging was not analyzed because neuroimaging was one of the criteria used by the clinician to classify seizures. Our findings that 57% of infants studied with MRI had abnormalities are higher than previous reports that examined children of all ages. Three Class II studies looking at new-onset seizures in children using either MRI alone or MRI and CT describe abnormalities in 14%-32% 18, 19, 32 and for newly diagnosed epilepsy in children a rate of 12.7% for findings of etiologic relevance. 20 In these studies, however, few of the patients were younger than 2 years. Although there appears to be a higher yield of MRI with infants with preexisting developmental delays or cerebral palsy, our sample size was too small to yield significance.
We found malformations of cortical development to be considerably more common than previous imaging reports examining children of all ages with a first unprovoked afebrile seizure (16% vs 4%-5%). 19, 32 Children with more severe epilepsy due to structural brain abnormalities may be more likely to present at an earlier age. Focal cortical dysplasia also changes with appearance and detectability with changing maturation of myelination. 33, 34 In contrast, some infants with focal cortical dysplasias have been found to be increasingly more difficult to identify with increasing myelination with age. 33 In weighing choice of imaging modalities, several factors need to be considered. Accessibility of imaging modality is often a major determinant; CT is more widely available especially in urgent circumstances. CT involves the risk of radiation exposure while MRI involves the risks of sedation in most infants. Proper diagnosis, however, provides therapeutic and prognostic implications. Symptomatic epilepsies in the first year can correlate with more difficult-to-control seizures. 35 In addition, the developmental outcome is reported to be poorer in symptomatic epilepsies beginning in the first years of life, as opposed to cryptogenic epilepsies. [35] [36] [37] The higher rate of localization-related seizures in this age range, the higher rate of abnormalities in infants vs older children, the prognostic implications, and the superior yield of MRI compared to CT in identifying and defining abnormalities support the view that MRI should be obtained in all infants under 2 years old presenting with a new-onset afebrile seizure. An argument can be made for cases in which urgent neuroimaging is not indicated and the infant can be observed, to avoid CT, and thus unnecessary radiation, and instead arrange for a brain MRI.
There are several potential limitations to our study. There may be referral biases as our study was conducted at an urban tertiary referral center. Younger patients or infants with more severe seizures (frequent, prolonged, generalized) are more likely to be evaluated urgently in an ED rather than an outpatient office. The decision to obtain MRI is based upon clinician judgment. There was an increased tendency among our faculty to order MRI in the 1-6 month group vs the 12-24 month group. Some cortical dysplasias may be more difficult to identify with increasing myelination with age, thus limiting our diagnostic capabilities in older infants. Our data are also dependent upon parental and witness recollection. The accuracy of the initial clinician classification of epileptic seizure vs a nonepileptic spell was not formally evaluated; our study examined the acute presentation of the new-onset afebrile seizure in infants; long-term follow-up is necessary to confirm initial diagnostic impressions and is the subject of a future study. Our database was constructed for children of all ages, not specifically for infants, but provides a framework for collection of data to characterize seizures in infancy.
Based upon our findings, we recommend close observation of all infants presenting with new-onset afebrile seizures as seizures often recur. Imaging should be obtained in all infants less than 2 years old presenting with new-onset afebrile seizures as significant abnormalities are common and will dictate management; MRI is preferred to CT. CT may be more readily available in an urgent setting but may be falsely reassuring if normal. Imaging establishes etiology and prognosis in a substantial proportion of children and helps direct (urgent) medical management. October 27, 2009. 
AUTHOR CONTRIBUTIONS

Received February 2, 2009. Accepted in final form
